Bacillus subtilis 5230 spores were lyophilized in 0.067 M phosphate buffer and stored at 2 to 80C for 9 to 27 months. The lyophilized spores were reconstituted with buffer or 0.9% saline, and the heat resistance was determined in a thermoresistometer. Lyophilization had no effect on the heat resistance of the spores but did result in a slight decrease in population (0.3-logarithm reduction). MnSO4 per ml at 35 + 2°C for 2 to 5 days. The spores were harvested and cleaned by repeated centrifugation in distilled water. After the final distilled water wash, the spores were suspended in 0.067 M phosphate buffer (pH 7.0 ± 0.2) and stored at 2 to 80C until lyophilization. The spore population of the suspension was determined by diluting the suspension in 0.067 M phosphate buffer, heat shocking it (1000C for 15 min), plating it in tryptone-dextrose-starch agar, and counting the spores by the plate count method. The plates were incubated at 35 ± 2°C for 24 to 48 h, and colonyforming units were enumerated.
Bacillus subtilis 5230 spores were lyophilized in 0.067 M phosphate buffer and stored at 2 to 80C for 9 to 27 months. The lyophilized spores were reconstituted with buffer or 0.9% saline, and the heat resistance was determined in a thermoresistometer. Lyophilization had no effect on the heat resistance of the spores but did result in a slight decrease in population (0.3-logarithm reduction). The lyophilized spores maintained heat resistance and population levels over the test periods. The D-values ranged from 0.44 to 0.54 min at 121.10C, and the z-values ranged from 6.1 to 6.6°C. Lyophilization was concluded to be an acceptable alternative for storage of bacterial spores that are to be used as biological indicators in sterilization processes.
Bacterial spores have been used for many years as biological indicators to monitor and validate sterilization processes in the food and health industries. When using a biological indicator that has been stored before use, one must know the stability of the spore population and its resistance to the sterilization agent. One of the factors that may affect the stability and heat resistance of a biological indicator is the form in which it is prepared and stored. This factor has been investigated by Cook level of approximately 5 x 107 spores per ml. This suspension was then dispensed aseptically (1-mi volumes) for lyophilization into sterile 6-ml glass vials, and rubber split-sleeve stoppers were positioned. Each lyophilized batch consisted of 500 to 700 vials. The vials were placed in trays and loaded into a lyophilizer (VirTis 255 RC). A temperature probe was placed in a sample vial and at the center of each tray. The shelf temperature was brought to -50°C before the vials were loaded into the lyophilizer. The cycle was designed so that the product temperature was set at -60°C, and the product was frozen to -35 to -40°C. The condenser was set at -100°C, and when the condenser temperature reached -50°C, the vacuum phase was initiated. After the vacuum reached .100 ,um, the drying cycle was started with the shelf temperature set at 0°C and the product temperature set at -200C.
When the product temperature reached the set point (-20°C), the temperature control was increased to 5°C above the product temperature. The shelf temperature control was then set 200C above the product temperature set point. These two steps were repeated until the product temperature reached 15°C. The vial stoppers were pushed down, and the trays were unloaded. The vials were then tested for vacuum with a spark test, capped, and labeled. Five to ten vials from each batch were used to determine the postlyophilization spore count by using the plate count method.
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Reconstitution of lyophilized material for heat resistance testing. The vials were stored at 2 to 80C for 9 to 27 months. At 3-month intervals, the vial contents were reconstituted by injection of 5 
RESULTS AND DISCUSSION
The data presented in Table 1 show that in all of the B. subtilis crops, there was only a slight decrease in the viable spore population. The spore log reduction was c0.3 for all of the crops tested. In addition, there was no observable change in the heat resistance of the lyophilized spores.
The heat resistance of lyophilized B. subtilis spores reconstituted in buffer or saline after storage at 2 to 80C for various times is summarized in Table 2 Fig. 1 . One portion of a lyophilized batch of spores (crop 6-22-76) was stored at 250C. The heat resistance of the spores reconstituted in buffer after various storage times is summarized in Table 2 . Heat resistance of the spores was maintained over the 15-month testing period. The heat resistance was also the same as the portion of the same crop that was stored at 2 to 80C. The data presented in Table 2 Lyophilization, or freeze drying, is a process that has been considered one of the best available methods for preservation of microorganisms (7) . Bacterial spores are very resistant to dehydration (8) and would be expected to survive lyophilization with a minimal population loss. In this study, lyophilization had no significant effect on the heat resistance of B. subtilis spores and resulted in only a small decrease in population. The heat resistance stability for extended time periods when the spores are heated in 0.9% saline is of critical importance if saline is to be used as a model test substrate for the biological validation of large-volume parenteral products with B. subtilis spores (1) .
The data presented showed that lyophilization can be used to maintain B. subtilis spore viability and heat resistance over extended periods of time when lyophilized spores are stored at 2 to 80C. Rohn (presented in part at the PMA Seminar-Validation of Sterile Manufacturing Processes, Biological Indicators, 25-27 February 1980, Lincolnshire, Ill.) showed that there was no significant change in population or ethylene oxide resistance of lyophilized B. subtilis subsp. niger (globigii) spores stored for 18 months at 2 to 8, 20 to 25, and 30 to 350C. Heckly (7) stated that lyophilized bacterial spores generally survive as well at room temperature as they did at 40C, but he indicated that it is advisable to store most organisms at 40C or lower.
The results of our studies and Rohn indicate that lyophilizing B. subtilis spores and storing them at 2 to 80C is a suitable alternative to other methods of storing spores to be used as biological indicators. After long periods of storage, vials of lyophilized spores could be reconstituted and used for preparing indicators in a variety of forms. The freshly prepared spores could then be used to monitor and validate sterilization processes.
